. In strains that lack a functioning HOG pathway signal transduction pathway, we have undertaken a (e.g., pbs2⌬ or hog1⌬ strains), hyperosmotic stress causes an inappropriate Sho1p-dependent activation of the MAPK pathway that controls the mating response *Correspondence: alan.davidson@utoronto.ca
were substituted with a variety of amino acids in order to create a set of SH3 domain mutants with varying representative model system for the study of signal transduction. The great advantage of this system over binding affinities. Each mutant SH3 domain was expressed and purified from E. coli, and its affinity for the many others is that its output, resistance to high osmolarity, can be easily quantitated. In the work described PXXP-containing binding site from Pbs2p was quantitated using an in vitro Trp fluorescence assay as prehere, we have exploited the Sho1p system to investigate the relationship between protein-protein interaction afviously described (Maxwell and Davidson, 1998 (Table 1) . For this reason, only the D16H and sion levels of all the mutants were confirmed using fluo-D16I single mutants were used in further studies. Substirescence microscopy ( Figure 5D ) and immunoblotting tutions at Tyr8 and Tyr54, which are highly conserved with antibodies directed against GFP ( Figure 3H The data described above suggested that the Sho1p SH3 domain may possess some unique sequence feabinding site. As we had predicted, the R13E, T14D, and T14E substitutions in the Fyn SH3 domain all increased tures that allow it to activate the mating response. In examining an alignment of Sho1p SH3 domain homologs and a deletion of the two extra residues in the RT-Src Loop (⌬AY). from S. cerevisiae and six other yeast species, we observed features that were very unusual for SH3 domains It can be seen in Table 1 that the ⌬AY and R35L substitutions had small effects on binding affinity with in general (Larson and Davidson, 2000) yet were conserved among the Sho1p homologs ( Figure 1C) . Most R35L displaying a 2-fold lower K d value than wt and ⌬AY displaying a 2-fold higher value. Neither substitution striking was a two residue insertion in the functionally important RT-Src loop. In contrast to the Sho1p homocaused destabilization of the domain, and the ⌬AY substitution was actually significantly stabilizing. Since the logs, more than 85% of SH3 domains have an RT-Src loop that is the same size as the Fyn SH3 domain shown ⌬AY and R35L mutant SH3 domains of Sho1p-bound Pbs2p target peptide at levels comparable to the wt in Figure 1C . Another striking feature of the Sho1p homologs is that they display only Arg or Lys at position 35. SH3 domain, they were not expected to activate the crosstalk response in the presence of a functioning HOG In our alignment, Sho1p was the only SH3 domain out of 266 analyzed to possess a positively charged residue pathway. Thus, these mutants were placed in a pbs2⌬ strain in which a crosstalk response is observed even at this position. We hypothesized that these unusual residues in the Sho1p SH3 domain might be involved in in the presence of wt Sho1p (O'Rourke and Herskowitz, 1998). Strikingly, both mutants exhibited dramatic recrosstalk activation of the mating response. For this reason, we tested the effects of an R35L substitution ductions in their ability to activate the crosstalk re- . Figure 5C shows that Sho1p is required for To assess the effects of our mutants on the induction of a more physiologically relevant pathway that is also activation of the Sho1p→Ste12p pathway as the vector control cannot grow on the plate without His. The inabilactivated independently of Pbs2p, we investigated a Sho1p-mediated response induced by protein glycosylity of the ⌬SH3 mutant to grow well on AT indicates that the SH3 domain is required for optimal activation of the ation defects (Cullen et al., 2000) . Our collection of mutant Sho1p constructs was placed in a strain deleted pathway. Reduced binding affinity of Sho1p for Pbs2p did not affect activation of the Sho1p→Ste12p pathway, for SHO1 that also carried a mutant allele of mannose-6-phosphate isomerase (pmi40-101). The protein as even the very weakly binding Y54A mutant was still able to fully activate this response (i.e., the cells are glycosylation defect resulting from this mutation leads to constitutive activation of a Sho1p→Ste12p pathway, resistant to 10 mM AT). Remarkably, the ⌬AY mutant induced the response almost as weakly as the deletion which can be suppressed by the addition of mannose ( Figure 5B ). The level of activation of this pathway was of the whole SH3 domain, and the R35L mutant was also debilitated in induction of the response, in that very quantitated in our studies using a fusion between the little growth was seen on 10 mM AT ( Figure 5C ). These be present in excess; thus, it will be of great interest in future studies similar to this one to determine which data imply that the AY insertion and Figures 3B and 3C) . The crucial role of binding affinity made 3 hr, 20 hr, and 5 min, respectively, after the addifor the proper functioning of this pathway is further emtion of salt. These results imply that the magnitude of phasized by our observation that reducing the affinity the HOG response is determined very quickly after the of the Sho1p-Pbs2p interaction causes a proportional application of stress and that the effects of the early misactivation of the mating response ( Figure 3G ). Since events in the response persist for a long period of time. the mating pathway leads to cell cycle arrest, its misactiInterestingly, the speed with which Hog1p becomes vation in the presence of salt would be detrimental to phosphorylated was not affected by reduction in the cell growth. We speculate that the wt level of interaction affinity of the Sho1p-Pbs2p interaction (data not shown), between Sho1p and Pbs2p may play a dual role of both only the level of phosphorylation was changed. Interacproducing a robust HOG response and preventing any tions between other proteins involved in the pathway crosstalk activation of the mating response.
likely determine the rate of pathway activation. The linear correlation between the binding energies While we were able to successfully engineer the Fyn of mutants measured in vitro, where the tested compo-SH3 domain to bind to the Pbs2p PXXP site with a K d nents are diffusing freely at relatively low protein conclose to that of the wt Sho1p SH3 domain (Table 1) , centrations, and the in vivo functional behavior of these neither the wt nor mutant Fyn SH3 domains were able mutants is striking. Sho1p and Pbs2p appear to behave to mediate a significant HOG response when a strong as freely diffusible entities inside the cell even though stress was applied ( Figure 4C ). This result demonstrates the in vivo situation is expected to be much more complithat other factors, which might include altered on and cated. For example, Sho1p is membrane bound, and off rates for binding or reduced binding specificity, can the Sho1p-Pbs2p interaction likely occurs within a multimodulate the functional capacity of a protein-protein protein complex where modulation of the Sho1p-Pbs2p interaction module inside the cell. It is also possible that interaction by other associated proteins could occur a second binding surface on the Sho1p SH3 domain, (Figure 2A) (Figures 5A and 5C ). 
